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SO 7)^-o] ^ o.s €(fin)34, ^ *>«-^^oil e|.olui £ ^o) 

^ ^s}-^ e+°lM ^-°H1 7fl 7fl si ^a*-^* i^-tb^. ^ ^ 
#5^:4 ^^si 7)1 olE ^<g^o] ^^siui, eMuHl ^*fl 

^4 £3^1 ^€4. #3 ^» 7>S^si 711 °1B 

W^^^l^^^V^ ^s}-^ 

S*l Til olH #q-g- ^^W. 
.£ 4a 
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t*]^* ^ v tt ^liL^ H^l^Bi *i n 4^*8 {FIELD EFFECT TRANSISTORS 
HAVING A VERTICAL CHANNEL AND METHODS OF FABRICATING THE SAME} 

£ 4b ^ £ 4c ^1 ^joflo] ^Bfl^-i- uj-Bj-vfl A>A] £ o]nf. 

£ 5, £ 6a, 6b, 6c, £ 7 J£ 10-gr ^2>\ *1U ^Hl^ uf^ ^TfljLSf 

£ 11 £ 14^ *fll ^Hl^l ^^Bfl# ^^s>7l ^^^£#014. 

i 15a^r ^2 -^HH 14=. ^tIIJl^- H^^l^il- M-e}^ Aj-Altolrf. 

£ 15b ^ £ 15ctt *1]2 ^^1^1^ ^^^1- q-E^ a>a] i£ol4. 

£ 16 ^^1 £ 22^ ^12 ^Al^ofl trf^. H^^l^EiSl ^a« 0 v ^ 

£ 23 tfl*l i 28^ *fl2 ^H^l ^^Bjl^- ^tg^ 7 i ^c^JEl- 

5. 29 vfl^l £ 32fe £ *fl2 -^H3 c^a. £$3^ ^cj- 
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*1 ^-^1* -R-^H H^l^E^ ^(scale-downH 91^-. t^H^ H 

&*]^&\2] 7 \t% 3- -^^0.5. ^o] 7 > ^-o>^ ^fl^jL^ ^ DIBLCDrain 

Induced Barrier Lower) JL^» ^ S$*liEH*| ^ 0 l7]- 50 

ran °}f>}3. ^^^oi] i^^^ A> i£7 l- ^-o r *H, ^^^o] 7 > 30 ran 

°1*>^ ^-f ^fl^JL^r *J DIBLJL-^r ^-ysfl^ H$*1^E|7> ^^1-71 <H 

H^^l^E^ ^^]^^- ^-^-^71 5Ufe 4l7> ^ 

*rM"b tIMB H^l^E) (Double gate transistorHc}-. o]^ 7IM H H^N^ 

^ 30 nm °)-5}3) 7}*}^ M- ^ ^ 0 lH7> Hfl^l^ 

jL^f^AS ZL ^ *fl^ ^ s ojtr cf^fl^ jL^Sj <^to] q-Al^ 

^4. 
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<15> ojofl til^)-^ °1^ TflolH E^liEl^ *D^£] ^ofl TflolB ^3 

<H nfl-g-ofl 5fl ^o] ^o^-g. TflojH cg^* «l^Cf. nJ-aM, H^^l^B^ 

7 > _o_H°i on c efl oi A>olol c^^. ^ ol 7 l nfl^ofl S| ^S.* 

#<H ^ B^^B^ f.Mf Jl3)-^O.S. ^1<H^ «r °H1 ^H, 

B 3**1^1^ %^ -f-#3°J B^*l^ $# ^-g-*>7l -g-oltl: °l-rV 

B SOKSilicon On Insulator)7]^holl *§#^1 o]^ X|o]B B€*1^7 r *fl°2€ 
«r "2002 Symposium On VLSI Technology Digest of Technical Paper "<>fl = 

^(Fu-Liang Yang) %-$\ "35nm CMOS FinFETs"°fl^ S0l7l^ ^<£^t A <H] 
#(fin)4, ^ 7^7]h^ TflolH Bf-*Rr FinFET 0 ] 7^}^o] o}cf. E 

"IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 49, No. 5, MAY 2002"°fl ik3.& 
^- ^(Shengdong Zhang)-§-^l "Implementation and Characterization of Self-Aligned 
Double-Gate TFT With Thin Channel and Thick Source/Drain"^^ ^°J^ V A <H1 *\S. 

?] *BMHB % #Jf TflolH^, #7] *MMHB 5J #71 #«-TflolH A>oH 

7fl7B^ B^r^r o]^- TflolH H^l^T} TflAl^ol ojcj. ol^ofli « 

IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 49, No. 3, MARCH 2002" 7l*fl^l 

fr (Yang-Kyu Chio)-§-£| "A Spacer Patterning Technology for Nanoscale CMOS" -f- 

9\ <&=?-^7\ *£&S\JL 9X^. ^.SiM-, o]s i^^ofl 7fl Al^ ol^ TflojH B^*l^ir 

SOI 7]& #ofl ^5l7l nfl^-oil aj-d ^(floating body effect), l^tr °l # 

B^, ^ 31 °1 ^ 7\A ^ SOI 71^ ^ ^ ^5= ^ol olcf. 

<16> Dl ^.a^Bi^ 6,355,532^, €^ €3^7r(John J. Seliskar)-§^ "SUBTRACT I VE 

OXIDATION METHOD OF FABRICATING A SHORT-LENGTH AND VERTICALLY-ORIENTED CHANNEL, 
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DUAL-GATE, CMOS FEMfe SOM^o] ^z\&7]% o]^ jfto}^ e^u] 

<17> ^ ?§-2) H^l^E^ di^/^5fl°l ^^A] ^^^-i-Cchannel 

segments) *\°}2) 7]&a\] ^&^r°] + oi- 7HM);e #^<5>J1, ^lm^-g- 

1- 7l^ofl ^oi^ ^l-ofl ^ 71^ S^^l^Ei ^ ^ yl^H^^l^^ofl o} 

*1 ^ti^M* ^1^- ^ flfe <>H*> 7}^ ^£ 7flAl^cH SE*h 

a. ^ f-^i b^^i^e^ ^^mh ^o]^ «. 

°H ^m^^-S. -§~g-^ ^ ^Hl <&±r <EH3 °] 9XA. 
<18> £ 1^ 7]^;(^ ^£ o]^ TflolH B^^l^E^ ^# 14 Ef 

<19> £ 1-g- ^-S^, 7)^^] tg^E} ^sflo} o]^ T^olje H^^liE|^ 

71^(10)^1 ^ = A >5l-^-(20)^ ^^£) J1> ^. 7 ] <+3]-*K20)£.5. *V^€ a}£^)] 7 1^- 

^^£-l-(12H ^<LS. o)^s]o] ^^S\o] $14. Aj. 7l 
^^^#(12)^ Aj-«. # 7|-S^si 711 o]h ^(14H wfl^mcf. ^7) 711 o]H ^(14) 
4 #71 *l)^-g-#(12) A>o]<Hl^ 7llo]H ^3^°1 7fl7fl^rf. 

<20> £ 2^ 71^; o^l ^gflo} cjf, TlHH H^l^E^ ^^-^ M" 

<2i> i 2# ^-g- 7l^r(10)ol ^o.s l-#s1 ^^-§-(12)^ 
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^l-o] ±.^/^]°A ^(S/D)# ^^tbcf. 51 Al^ ^-ol, ^efl 

^ <T^*m H^]^fe *fl^£-(12) ^ *fl^t*fl *PS$ 71^- ifloflJE 

4i^^/-Eflo] <3<*(s/DH ^^x}. *fl^«-(12)£: 7fl°lB ^(14)0.3. 9X7} 

*HM°l7> #o>5L ^^(full depletion) £^ ^^(ful 1 inversion)^ 
€ ^ ^M", ^^^^-(12) <*2\ 7}%o)) 7}$ H€*l^(15)£r ^3 

<22> J£ 3^ SOI 71* Aj-ofl ^€ #Hfl^ ^Z]*fl^ E^^S. u^vfl AVa^o]!}. 

<23> 51 3# ( 6 ] H^^l^Ei^ nfl^- ^^(buried oxide; 22) 4^113 

^1"(30)* 7}7-)^ S0I#(24)^, ^"71 S0I#(24) *S^€ 4^3 #2}-^ 

(26) ^ ^"71 ^#(30) 7>S.^Ei tifl^]^ 7)1 o]B #^-(28)-g- i^W. ^7} 7)}°] 

H *i^(28)^ §s]^s)s^(28a)4 7^^>#(29a)# 51*m 

7 AA °1 B^l^E^ ^3^(22) Aj-o]) ^A^S]ol ^-E| 3E]£]7l 

[«V^ol ojifLji*} ^ 71^^ 
<24> oj^ji^l- ^ 71^3 ^^tiV^i ^*flM* ^ 

<25> ^. «Vt^o1 °1^7l- 5>^r tf^r 7]^^ 3*M|fe #5L^ Jl^ ^l^JZ, ^ ^ 
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<26> oj j=l ^ ^ ^ cfs 7 1^^ 4^)1^ ^ ^ ^^ol ^-o. H^li 

^(fin)# i^Rr HHfl^l^# o] e^]a e ^ 7 )#o] ^aj 0.3. 

^(fin)4, #7] ^S] *>^^ofl ^o]ui ^ ^-71 ^oj <s}«-^ 

S 4 V 7l e^-olui A}o)d\] 7 fl7fl^ 1^3) *V3^-§- JL^tj-. #71 ^ #-5jL ^tfofl 

Sj-^ &Mu-H <^*fl ^-71 ^4 4^ #3 °133<>1 ±.*> tg^Cj-. Aj- 7 ] 

7 d^SV A o >J f# 7>^X]^C}. ^-71 ^^nV^. 31 o] ^ofl *] ^ 7^ E HL 

4 3 ^^^O.S.M), cfl^tfl SflJEi^S^ ^ ^^7.]^Sj.n1- (etch _ stop n i tride ) 

<28> ^"71 TflolH ^ <##^ s&7] ^o\]^r #^#0] a-o^ ^i/=^o] <^ o) ^ 

<29> ^ ^ofl H^^l^Ei^ ^ ^-ff- ^ ^o] iL^-E)^ 4i7Hl£ *r 

°1 ^tfl^ S^^li:E^ ^ff-^-g; ^o]7l 7l &o] 

^7fl^ 7^^ ^E}# i^-*]:Cf. AV7] ^S. oj^sl *_v^ 
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#7l ^SRf ^7fl^1 if-tVcf. # 7 ] 

*H ^°1M7V ^^Blal, #7l #71 t^o] M A >°H] 

Wl^l #^-^ol 7fl7fl^cl-. ^-71 ^el-Sl ^ofl^ Aj. 7 ] ^ ^ AV^S^ jfl o] E 

^^nVol ^#^4. #71 3gj% ^-e^fe #71 ej-oluiofl ojtfl ^-71 Sg^Q 

<30> #7l t£ Aj-ofl^ of A 5 ^^nVol ^ ojo. ^ ^ ^ 

3- #7l TflolH ^^^4 cl-^^-g: ^^.2.^*), ^mcfl sflfE. #3^ ^ Ai 

Zl-^^l^^ol ^^S)7lu|-, JfflS. *J3^, 3fl= #5^ £ ^Zl-7-l^l^^ol 

^#^l7li4, #s|-*| ^ ^sJ-^-o] «l§o}7M 
<31> #7l ^51-21 ^ofl^r i^.^/H.ell^l ^^o) zJ-Zj- ^^SlJL, #7l TlH B. ^ 

^BHItt *fl^<g*H ^2l*flV| ^TflSL^ H^^l^El# ^#^4. #71 711 

°1H ^<>1 ^ ^^Ml^f iii =ell°l <3^ol ^ oj^- ^n> 

afl^i* ^ItV ^°1 #71 rtjLi SE^ JE.eflo] cg^o,] ^ oiuf. 

<32> #7] 7l^^ ^WIM" ^T#*>7l $1*H ^51*11 7l#<>l ^ 

^(fin)* i^*Rr BBfl^l^EiSl ^12:« 0 V^* ^l^-*Vcf. 
<33> ol aj-^-B- tiVi^l 7l^f *§#*Rr 3# i^4. #71 ^ol tg^ 

€ «V£*ll 7l# #ofl Wl^AVsj-^- ^ ^Sj-^M; ^^>7ll ^#*1-J1 ( #7l ^21 ^o]^cf 

^#tb4. #7i nn^7)^m^v\^ # 7 i ^n-^ 

7l Bj^Aj-s!.^ ^efl^ el^^Al^ #71 &o\ ^--^-1- 71 Jl 5|oj ^].a.^rtoll 
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9l^*U) SWM* #7] ^ ^g-6fl T^E A>5j-nV^ 

°1 <2* ^ 5U4. 

^ A o V 7l 1&£*|| 71^ sflEi^^H 3^*Hr ^ £W. ^"71 ££511^ 

— H 2fl€* ^l^sl-Jl, #7] «>i^l 7l^ ^S^H ^5}-^ ^AHl ^ 

51 #^14. A o V 7l ^7) aflJE. ^Vs\-^ ^ # 7 ] I^SK 1 -!- ^7^0.5. 

*1 ^1 ^ ^ 

5E^-SRr ^]Jl4 H^l^Eil- ^is^ ^ &cf. o] wljE^ll 7l^ 
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, #7l 7)^o] ^o_s. *8#«Hr 3* i^-W. #7l aV£afl 7)^; 

#°ll #7l #2] ^j^cf ^ ^o^Kg. ^^^4. ^7} ^<S^M: nn^?}^^*}*} 
^ #7l ^ #^ Aj-7] ^^2) a o V«^^. #7l ^#^1 ^s}-^ ^ 

^# f-&l*Hr ^^-Sl^-i: ^#€-4. #7l ^ ^7l tH^ #5}-^ 

#7l ^ AVtL^tf^ tfAl?14. SHl^S^l £>JI ^ ^S}-^ #7l ^ t5> 
^Mf^H ^2K V 4°m« 3^*4. #7l ^ ^#=1 A^^tt^ 711 o]E #£}. 

#7l ^ #«-# 7>S.^S^ 7l]o)E tgAj^-t)-. 

4. ol #7l ^^t!r 4^", ^7} #S.*H 7)#o\} <£*Y$\. ^-Tj^ 3-§-<5H ^7] 

^ ^ofl ^AV^^-o. Ig^-^oj^ #7} ^o) S.^. -olJl ) #7] AlZ^X] ^S)-^ 
^ ^ #7l ^^Vsl-eV^ ^71^-O.^Ml A>^lA]Z]-^^oll cqtsfl 

o)Sf Cfe. « 0 >^ #7l #5}-^ ^ ^SJ-BV^- JLtflS «i^O> ^ 

^#^t ^rS. &4- ^ ^5^, 3fl= ^ ^^7^1 ^Sj-Bj-O. 3§^}o} P> 

^3 ^^M: ^§ 7i°- t <g#S|- ^-g-^H A oM #*H1 ^ 

Sj-JL, #71 ^-«<H3 ^Z^H S.^- #0]4. ojc^A^ #7) ^AV^nV^. 

47]t}jl Aj-7] 4^ ^- H o V ^ ^4*H ^ #^ 4 1 iZ4. #71 3flJ!= ^Sl-^-^. 

A o V 7l 1#2}- ^olH #71 Aj-H.^ol ul]-£5l-7ll AVaJ.Jg O.S. <y*l: 1#5l-^- ^lTlAl 

#71 ^zl-71^1 ^^sl ^-el^- H 0 V^^- ^ o^Cf. 
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£ ^-8: ^ ^ $t°)7] 4^3 ^s.^. 3^*4=. 

jL32f *)l£&« 0 v ^ afl^tf. o] « o v^^. ti> £ ^ ^z^H tK v ^l ^ 

^71 ^5}7> ^£ «l£^l 71 >£<Hl ^2)^^- ^ ^5^* ^SL^Ml ^*>JI, # 
7) €^ ^°lJ±4 -^^^ ^^g- ^tbt}. ^71 ^<£^V# ^-«}-^7l7fl^^n>^ a o > 

7l ^5)-^ ^a]oi] ^-71 ^ ^= ^*Hr ^>«e^^ ^^^4. # 

7] ^ ^71 ^5^5^* ^HIS. HMl^^ ^-71 ^*Wr ^#Al7lJl # 

71 ^efSl Jf^-cHl Tfl olH AVsl-nV^. ^*Vt}-. n^nVc^ Aj-71 ^§ol 

s. tH}. zls^, -& <^7H ^sH*l^r ^^liti f^£)*i 4^ ^ 

Si ^^l5}-m ^£ SU4. <^7H ^7flSl^ ^AHl^ 7flAl5l xfl-g-ol ^7-1^ # 

^^fl^ ^51^- ^E^H ^-^7H7ll A>^-ol ^«-§l - e>7l 

^l*fl *H^-£M*lfe $o]t±. t^ofl &<>H, %■ % <%<$%<>\ ^^^r 71*1-71 

^^H^ 5Eth #°1 4^- # 5Ett 71^: "#"<*fl ^^-sl^^l^ 

^^-ofl cf^- HL^r 71^: ^ 0 H] ^€ Si 714 Sfe 4°H1 ^3^1 

#°1 7fl*ti€ ^£ ^*H1 Jf^-^ ^ 

-£ 4b ^ £ 4c^ ^1 ^^Hl^ ts^ll- M-El-ufl A>Al£olcl-. 
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<43> £ 4a# -g- B^^l^E^ tiVi^l 7l^o] ^o.^. ^(56) 

* i^-W. # 7 1 #(56)^8: i^Kr ^£^11 7l# #ofl #5^(58)<>1 
#7l #5^(58)^ #7l #(56)^ ^^ofl fgs$s\ji, # 7 1 #(56)S} #JjL ^ 

7flo]B ^£^(64 H ^^^cf. #7l # (56)^1 ^o]^ 50 nm vfl*l 1000 nmS. 
*k t~ #7l #3^(58)£- 2 nm ifl^l 50 nm ^gi^ %o] 

^§>cf. av 7 ) 7]lo]H #2KKgr ^S^, CVD#5^ ^ ^^-^ # ^>i4 S ^ 

I" ^ £U, ^7^ ^ ttfe} ZL ^*fl £ ^o} ^« o. ^Efl^V - ojcf. #7l 

#5KK58) -S-ofl #71 ^(56)3 *>J^e?6fl Sl^SH &Mvi(60a)7> 

#71 ^s|-bv el-oiui(60a)^ ^«fl #7l #(56)JL5. °13^ i^fs] BJ- 

(62a) ©1 #71 #(56) 3fZr«H ^#€^. #7l eW u| (60a) 5 nm ^ 200nm^l 

^}S. *§#^ ^ #7l ^s}-°| eHM(60a) #^S #71 #(56)£| ^°1^ 

H^l^^l *fl^ ^ ^^J-JI, w>^-*|*|-7flfe- 10 nm vfl*l 500nm %S.3, ^ 91 

4. #71 #(56)^1 #-fl- 711 °1H ^(66) ©1 7>^1€-T=f. #71 TIME *}^(66)£- oflS 
cfl #el^el^#(66a) , #3 -ge^Tll =*}MSiGe) ^ ^r, ^#^e^H= ^ 7^ 

#3 5L##(66bH ?2t 7>^ ^ ^Cf. #71 7]7^^ £^^(66b)^r ^ ^ 

^ A >oij= ^#0.3. ^ 54 £f. £*1€ ^4 ^ol ; Aj- 7 ] ^(56)^ #J^3|. # 

71 i*H£eW62a)3 #^^^ «1£^ efl^<Hl ^1 ^ 14 of ^>fl <§#^- ^ $m. # 
71 #(56)21 #Jf s^elfe ^#711 ^711^1 ^ 913., 

^ t°U, »m ^ #71 B}olui(60a) #^JL # 

## #(56)£- TflolB ^^-(66)^.5. l-e^M7l e^gx)^^ *fl^ ^21^- ^ 
544. iE*h di^> ^^1H1 cfltb #71 #(56)4 #71 i7^^nv (62a ) a>o!^ <^«al7> VJ- 
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A «fl£-°fl %y\ TflolB ^(66)^ ^ #5**1 'Jh #71 

^]°1H <£*^ ^(56) 1-£#°1 ^<a3<H B^l^liEl^ ^ eel] 

o] cgc*^ ^s]j7 ( TjjolH *I^(66) *H*-s] ^(56) ifl<fl*r l-^#ol £-f3g s]7^ 

M- s-f^^^l ^ 5fl^ <8^°1 ^€ ^ °1 «fl, A cM ^ ^-71 = 

<44> 51 4b ^ 51 4c^l ^ ^1, O) E^iEjo] ^.Cf ^#ol 

3 ^ ^JE. £ 4b^- £°1, ?}(56a)Tr ZL 

a-ol o. s ^7>^ ^s^- 7M7)i4, £ 4c<^l 51^5} 74 J2]- £01 si (56b) ^ =l # 

-¥-^fr ^^sfTfl -R-^l^Ai AS- ^ 

^-g-s^Hl £]*fl ^e1^>^^l ^, #S^°1 3 

<45> 51 5, 51 6a, £ 6b, £ 6c, £ 7 tfl*l £ 10€- -g- ^1 ^aHH 4 s. ^ 

<46> £ 5# %2^-s}*&, #5131 7l^r(50) ^Hl ^>^1^"(52) $? SSelH^B^^H 

4i3 Jfl ^* ^-71 #51*11 71^(50)^- ^&)€- 31^ ^e)^- 711 

<47> £ 6a# #71 d}a 3 3fl^# zj-nl-^a.S. A>-g-^><^ #7] 
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7]*(50)-i- *J3"*M ^(56)* ^-71 pfiH #7l ^(56)£r 

tf-S«8«H Sfl^Ka, A oM ^(56) °3<%£ ±.*}&B) n^^. 4 

«H, ^}9] 7l^ofl ^7) #(56)3 ^Efl ^ «fl<i^- c^o] ^ ^ &t).. ^-71 3fi 

(56)3 ^ol^r 71^ 50 nm Ml ^1 1000 nm ^f-iL^.*) ^ ^cf. 

tiV£^ 7l^ Aiz^-7>iofl ^ #(56)3 ^o] sf-^-S. ^J2j°i #7>S]£ 

*Hr HBr* 7>^1- ^7>S ^4#3 #3^7}- ^^5]^ AlzJ-o] ^ 

*H#t}. ^"7] aKE*ll 7l#(50)3 ^z^l-^ HBr 7}^1- S. 6b<Hl £ 

7 AA #(56a)3 ^-^H n^-S. ?m*\£LS. ^7}^}7\] ^ 

S. 6c^l 51*1 # 7^ Qo] t #(56b)3 <&^\n 

5. 7^r ^-^M , ^71 ti>£^l 7l#(50) ^Hl ^sl-^-(58) , 3^(60) £ ^ 

<33-(62)^r ^^tb^f. #7] ^^-(58)^r 2^ CVD^s^ilS. ^ 

^7|-^^-i- *l-fr*Hf ^o] ti>^-3]^cf. o] nfl ; AV 7 1 #( 56 )3 ^ £A^^ ^#711 ^ 
A 3€ ^ . ^7} ^^(58)^r 2nm^l 50 nm ^513 #7] 

(60)£- 5 nm 200 nm ^£3. ^i^l-Til ^*}^ %o] HfEJ-^t}. A o i- 7 j ^<£t* 

(62)£r °fl^^^l -?-<r* ^rSj-^S *g^*Kr ^o] wV^-^^jt, #(56)3 ^o}6\) afef 
100 nm 2000 nm ^513. <§^tK^-3.*l o]^ sg#5|-7> ^-o]-s}^^ ^^sf^ v} 
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£ 8-a- % v ^>^, 7\^m ^i^Sr aj-g-sn #71 ^^^-a- <3*hh 

^^*Vcf. sg^- # 7 1 #(56) #^1 #7l ^3-^(60)^ A o v -r-^°l ^#5]tt % 

£S ^a]^- ^ o^cf. #7} ^nv (60) ^ofl^ ^>^-e)^-(62a)ol ^^£icf. 

£ 91- , Sfe ^(Chemical Dry Etching)* a>-§- 

#7l #(56) #^ #7] ^3^(60)* ^lTl^H ^"7] #(56)^1 #Jf£* i^#Al 7J 
#7l #(56)^1 4 Vj t-^°1 ^#^1 ^51*11 71^(50)^1 ^ sl^ o)-^^oj^^^- ^-g.*} 
^ *ti\i ^ 33 ^ ^ olcf. Aj. 7l o)^-cl^^^ ^ (56) 

* ^ ^£ #7l ^^-5V(60) 31 ^ #3-^(58)* sHI^a^ # 
7l #(56)^1 l^-g-* ^#Al^lcf. #71 ^s)-5V( 60 )o) ^olofl 4el- BSfl^l^Ei^ 

*m ^-°) ^^l^Cf. 5£th #71 ti] 3^ #3^(58)* ^SKr -^o> A o V 7 j ^«_^oV 

(62a)^ S^l ^zJ-sM =L ^Bfl7> ^^^cf. 

£ 10-1: ^*}^, A oM #(56)^1 ^^ofl t]}o}b. ^<3^(64)* ^tb 1 }. 

#71 TflolH ^^ev(64)^r ^^VsJ-^, CVD^iSr^-, ^a>sj.^- ) aJ ej^-^n]- ui ^^^.a> 

21-^ 5)-^ ^ ^^H^ ^ Sa4. 3l^r*lH, #71 7}&°\ ^ofl SL^uV 

* *§^*}JL, #7l JE^* 3flE^^H #7l # (56)^1 7}S.*}^ 7]} o]e 
(66)* ^#^S^1 £ 4ofl J£Al^ ^-§- ^ #71 711 °1B. £^8: ^#^°] 
#SlA]-olH. TflolB ^ S£^r ^ TlHS ^i^S. ^ olcf. °H^1, £Al^l 
tt ^1€ ^--£^1 *H^g-^* 3-§-*H #7l TflolH #^-(66) <#^2] #71 # 
(56) ifl<*f| 4i-£L^ ^ ^ -B3l<y "<3^* ^#^>i HflAi^^* Aj 

£ 11 ifl^l £ 14^ *fll ^JaHI^ ^311- 4l^^ 7l 0^^}. -g-^^-^^s-olrf 
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<54> ^A]d\}°\ ^sfl^ A>^Ai^^ofl sj«q ^cq^- ^ $X±r tMl*lil4 ^ ^ 

#-§- ^tb "o^l ^ ^^cf. £ n-g- ^-S^, £ 6a, 6b ^ 6c^ 

<55> £ 121- ^-71 ^V2|-^-(55)^: ^Tj-sW ^7} tiVS^fl 71^(50)^ g.i£-Qr ^ 

<56> H 13 ^ £ 14fe ^11 -*JaHs1 q-s ^^^11- ^^^>7l ^tb ^^S-l-^^. 
°1 €*§afl A>^zj-^ ^ o}^ tb3l*liL4 ^->fl ^*Kr 

<57> £ 130- , «V£*)1 71^(50)* +z) o_s_ #(56)4 ^-71 # 

(56) ^ 0 H1 iJfl-EL ^]-5)-^-(51) ^ ^5^1^3.^(53) °1 3fl€* ^W4. ^"71 sfljEL 

#(56) ^ 2fl€* WV^I 7]^- Aj-ofl 3fl = 

^3KK51) n}A H rt( 53 )|. ^#^-0.5.^) ^ $lcf . ISefl^AE ^ 

* ^ZM^£1S A>-g-*M A>7l ^ 4^^(53), Aj- 7 ] A>5j.DV( 51 ) ^ Aj-7) ti> £ 

71^(50)* x}%)3. sflE^^H #(56)* ^ $14. #7} ^ ^aev 

(53)£ ^-g- ^sH-ilS ^-^Rr 3°1 01-^-^^1-4. 

<58> £ 14# #2:^, ^-71 ti>i^l 7l#(50Hl ^-g-^V^ ^"71 «>£3l 

7l#(50)2l S^<H1 ^^-(55)* $>S*M #(56)21 ^ #<?14. 3l#*lH , A o v 7l 
5V^a^-(53), ^"71 $\EL #3-^(51) ^ Aj-7] ^i2|-^-(55)* ^Tl^Ji, £ 7 tfl^l £ 11 

* t^sf^ XI 1 ^Hl^l- *&^sl3. #W4. 
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<59> S. 15a^r A}2 ^*HH ^TfljL^ H^l^-fr a> 

<eo> £ 15b ^ £ 15ctt ^]2 *J*H1^ ^Bfl* M-b)-^ A>Al^lroluf. 

<6i> £ 15a# t^s}^ , A\2 ^Al^ofl uj-s e^xl^Ei^ #^*> *fll 

^111 4^ B^^l^Ei ^SSf 7^ -f}-A>S>tJ-. Tfll ^AHlSf ^ #(112)£] 

#- s i L, 3 #<H1 ^<£^-oi ^sjcf. %7] n>^a #7] Tfloje ^^-( 124)4 

A oM #(112) A>olofl 7fl^^Cf. ^7} n>^ 3 £^1 € 34 ^°1 ^= 

(104) ^ ^*1*1 ^5)-^-(106)ol 7>^ ^ ^AM-, ^AHH]^ 

^ t^!AS #(112H aVH^l 71^(100)4, #7l ^(112)^ 5>^^ofl 

#3^(116) ^ #7l ^^oll 7fl°]H #3j-*Kl22)-g- 

4. #71 #(112)3 ^^ofl Hl-olu|(ii8a)7> tifl^l^Jl, #7l # 

(112) 7}& #6|| #7l ^2}-^- BHMUl8aH ^«fl #71 #(112)4 °13€ 

€-2)<q-(120a)*l Bfl^^cf. a o v 71 ^>^-5l^(i20a)s1 # J f^£r #7l 4^3 # 
ell *4| ^I^IW. *fll ^11^ ^7>^lS., £Al^l^ ^^l^> Tflols 
^^•(124) <£^4 #(112) v)H iiL^ * =efl<y ^^o] ^^E)j7, a> 7 ) ^1 olH 

^^•(124)^.3. *><^# #(112) tflofl ^fl^^^ol $^#*}. a>71 Tllole ^ (124 ) o. 1- 
B^^^(124a)4, #^^A>ol= Hl^r ^#fAS <>1^-<H# *!*!*<!•#( 124b) °1 

<62> *fl 2 ^AHHl rtf^ ^2|*fll£ HiS^&l a*V *fll ^AHlSf D}t7WS #71 # 

(112)3 #^ a^e^7> ^#tii ^ £U, £ 15b 51 s. i5c^l h*1# 34 £°1 
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^71 #(112a, 112b)^ W ^s. ^^1^o.S. ^-a^v}, ^#^r <H^*> 

<63> £ 16 S. 22fe A\2 *UHH nj-g. ^*fl\t ^TfljL^ B^l^l^l 

<64> £ 16# 71^(100) ^Ml sfljE. ^sKKHM), ^sK v 

(106), ^> «^m-(108) ^ iSeflxl^e ^- (110 )ol ^efls. sfl^^r ^ 

<65> Aj- 7l ^fljEL ^VsJ-^ 0.5 nm ifl^l 5 nm t^s^ _°3. ^^*>jl, #7] ^zj-*1 

*1 ^2^(106)^ 5 nm ifl*l 100 nm ^ $14. 

<66> £ 17^. ^-7] nj-^H 3flHH^- AlZ^P>^B.S. A>-g-*M ^ 7l 

50 nm ifl*l lOOOnm ^5. *]^*H ^(112)^- ^th=K 3fl^r*H , ft?} SLS.^}^^ 
(110) 5? A o v 7l ^>^l^-(108)^r >H7l*H A o v 7l ^(112) ^Hl sflu #5^(104) ^ 
zJ-7-^ ^^(106)«>1 ^#=1 4^3 ^^M: 
<67> ^-71 a]-£^n 71^(100)^: £ 6a, 6b ^ IE 6c« , HBr7]- 

^* ^]^7>^S. A}-g-#o.3.*J £ 15b ^ £ 15c*fl S.A]^ ^JJf ^<£] ^ 

<68> £ 18* #7] #£31 71^(100) ^Hl t^s) ^^"(116)* ^^W. A o v 

34 ^-arsj-^-^^l l-tf-sj-^ # *>7M 

CVD^5}-n^ 3 o_ £ lg3 j. g o] 7] ^. a^^Tjl ^5]jL, <i^5K v £) 
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£ 195+ &o] tiVi^ll 7l^r a^ofl ^^^4. ^-71 >tV^(ll6)^r <*]zH 3 

*v ai-fr^tf. o] nfl, ^- 7 i ^(ii2)5l ^ 3.^3 ^Jf^-i I^^M 

^"71 #(112)3 #J=L £A^H = #7fl - ojtf. 

£ 20* %^S>^, #7] ^^-(116)ol *|^# 7l^ ^ofl ^2}-nV( 118 )^ 

5 vfl^l lOOnm^HS. M^-tR ^^}JL, #7l ^3-^(118) ^<S*Kl20)-§- 

4. #7] *\*\ ^^(116)^- ^7] ^^(118)^1 3*fl 7]&<% 7}^}^ iSeflAf ^ 

SM^lfe 7|^ 5E*V 7>#t}. 

£ 21* ^-71 ^<a^(120)# SSt^7)^ ^7] #(112) ^o 1 "-^ 

^ A o V 3 ^5^3 ^-^* 71 Jl, ^"71 ^3^(118)* SMl^A]^ Bj-ojui 

(118a)# #7l ^sj-ev eHM(118a) a o v 7 | ^<gnT.o. ^>^-e]Bi-(l20a)ofl 

£ 22# ^7] ^olui(H8a) #7l hJb) ^^-(122)* *fl 

A oM #(112)3 ^ ^#^1^14. ^"71 #(112)5] AVHari^. ^^iifl^ 

S^]iEl$l ^ #* 33*1-71 nfl^ofl ^£]^r B^l^ S.^6fl nj-ef- 

(118)3 ^ 5U^. ^"7) *LE*fi 7l#(l00H 1^>3^3* aj-g-^ 

71M-, #3}- £ o]« o v^ aizj.^ ^ ^(H2)3 ^^ofl TflojB €^^"(122)* ^ 
^ ^-7] TflolH ^^^-(122)^- ^el^Va^, ^-^av^.ov i ^e)^^^ ri ^ 

*fl^T*IH A o V 7l TflolH ^<9^(122)ol ^# 7l#3 ^ofl £^nV^ ^^^>J7 ( # 
7} 5L&^Sr SflE^^H ^7l #(112)3 ^» 7>5.^H^ 711 o]B ^^"(122)* 
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o*HH ^71 €(112)^ ^Ml^r D}iH <8^3<H &7l nfl^-oll ^-7) £^ 

^*Rr ^°J: A o v 7l ^(112)31 ^zM- ^ &i=. 7> 

£ 23 ifl*l 5L 28£r ^12 ^*}7l ^^£t 

£ 23-§- %^^ ( -g*H3 ^3]^ aV£3l 7l€r(100) -$H €^§: ^^«>7l 
(102), Bfl-E. #5^(104), ^^^1^^(106), ti}-A>« o l-^nV( 108 ) g iSell^>i^(llO) 

, 0.5 nm ifl^l 5 nm 3j:E.S. tiV^-^s>cf. 

£ 241- , ^"71 n>^a sfl^-i- 4iai Af-g-^H ^"71 til£^] 7]€ 

(lOO)-g- ^zJ-SM €(112)# ^tb^. #7l 5££^lxliB^-(110) ^ «Va>^1 b}- 

(108)^r *l)7l«H -*7] €(112) tfofl^ #71 3fl= ^3^(102), ^-7] ^S}-^-(104) 
^ A <M ^^-7^1 ^5|-^(106)^1 ^Al^lcf. 

£ 25* >S-7l til£^l 7l€(100)<Hl 1^2}-^* ^-§-*>^ l^sKKlM) 

* ^"71 €(112)^1 S-9r #*lcf. o] nfl, ^-71 3fl= ^5>^-(102)^r #0] ^ 

£r ^71 €(112)31 ^^©1 ^Isl-SH €(112)-4 ^71 ^Z^*} 106) *H 

Si A]-5j.n].^ ^^) 7 > ^7>f-0_5. o]*fl -fi-^ ^ o}- ^^7-]7l ^5>^-( 106)31 -ft-^ ifj- 

*l*Hr 71^ *lnf. 
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<77> £ 26-1- #7l ^z^*] ^^(106)^: ^€ #(112)3 ^-4 -f}-*}^ 

<78> £ 27# , #7l ^-^(m)* ^-«J-# A)zf^ c.s. *\]7]f;}JL, #7l 3fl= € 

^(102) £t!r ^ u oM3 A o v 7l #(112), #7l 3fl= ^^(102), #7l sflJEL #3* 

^-(104) ^ #71 ^n^i^l ^^(106)51 ^l--§- ^^Al^lcf. 

<79> Tll^A-}, #71 «V.£*I1 71^ ^ofl ^-i^-^V ulsl *>3j-eKll6)-g- 2 nm ifl*l 50 

nm if-nS- ^^^Jl, #71 rf|3S| #sKKll6) #<*fl ^2K V (118)-S- 5 nm xfl^l 

200nm ^S. *g#^t}. #7l ^s|-^-(118) #°fl ^*Kl20)-i- 100 vfl*l 800nm^H ^#*> 
^ #7l g^cf. 

<80> £ 28* tisl'S , #71 *i<g^(120)* S*«H7l7fl3 £*V*M #7l ^^(120)^1 

#^-» 2#Al^J2l- fAH #71 ^5)-^- 31 ^o\] ^«^nV (l2 0a)# ^#^. 

Tfl^aJH, *|)2 ^AHlsf ^^tb U^-fi-S #7l #(112)3 #Jf^t*-§- i^#Al 71^1, Tflol 
H ^^ev(122) ^ 711 olH ^^-(124)* 
<8i> £ 29 ifl*l i 32^ ^3 ^2 ^AHl^ cf3 ^^Bfll- ^i^^ 7 l 

^5.1:014. 

<82> .5. 291- ^-at^, #71 aVi^l 71^(100) #°fl 4i3 ^<3*Kl05), ^N-^m 
(108) ^ I£El]^iB n -|( 110)^1 ^^W. #71 v}^3_ 

(105)£- #5^ ^ ^s}-^* ^ ^7>#(monatomic layer) ^M|, ^ ^ ^x] ^ 
^15. jacfls «]^-o> al^l-ol ^tr^. 
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<83> £ 30# ^-S^, d}a 3 sj)^* Ajzj- d }a 3£ A>-g-3M #7l ti>£^l] 71^(100) 

* ^(112)1- <#7) ISe^liS 5V(110) ^ #7l «VA>^^(108) 

* ^Tl^H A o V 7) #(112) 4^3. ^<g^(105)* #€^m4. 

<84> £ 31* tisf'S , ^71 tiV£*fl 71^(100) ^Hl ^ ^5^(116)* ^Ajtg-t}. Aj- 

7} ^BV(116)^r 1^2}-^ S^r ^7l^#^-^ ^ &t)-. 

<85> £ 321- *fl2 ^Aj^sq- of^li, ^SJ-b]- E^omdisa), ^>^-e)^- 

(120a), 711 o]e ^^^"(112) ^ 711 ^(124)* ^7] v}+EL *i<3^(105) 

S}.nv (H8a) ^tb A o V 7l ^(112)^1 ^-^ttj-g- ^# 

A] 71 7] ^tb ^ V 7l ^Sj-^-(116) ^f-^Aj AlZ^- a^o^ ^ 

Aj-^iLS « 0 v *l*Rr S.^-7} 3.4. 
<»6> £ 33^- ik*§2\ *fl3 ^t-1 o^l o)i 4€- t^MUM ^tIIJl^ H ^liEU- q-Bf^fl a> 

Al^olcf. ^3 AJaH)^ fe^r ^ ^-g- 7^^ H^^liEil- 

<87> 5L 33* #2:s>^, ^13 ^aHH oj-a B ^^^ E ^ ^^j. ^ ^ ^ 2 ^UHHl 

^Hfe ti Jri^l 71^(200)^1 ^^.S. 4^r7fl£] ##(112)* 5.^^-. Aj-7l # 

S(112)£- ^«o V ^S Ol^^ol ^ S ^^^>7fl tifl^SlJl, TflolH ^i^-( 124)^1 Aj-71 

##(112)2] 4 >J f€- 7>^^e^ tifl^l^cf. *fll ^ ^12 ^Alofloil trf^. e^^]^ e ^ ^-qj 
#* 7^71 nfl-g-ofl #°1 *r ^1 ^^.4, ^3 ^Ajoj)^ as. 

##(112)* 7>^7l Hfl^-ofl #°} ^u_V # #^.*$°r ^ ^ 
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^13 ^H^l E^^liElb tIMH ^^"(124)^ <#4±d\) ^ 5g^^(212)* SLf- 
^•cf. ^^^^#(212)^ zj-z} 2.^. ^#(112)4 ^^^cf. ^, c] s^li^fe 
*8*<8^(212) ^ #7l ^^^^(212)1- ^ o^cRr ^7fl^ ^#(112)5. 
€^(220)» A oM ^e]-(220)^ *HHM4| ^ #5)^(216 H ^3^, # 

7l ^e]-(220)^ *Fj^«Hl o]^«H #71 iH^^«K216)^l ^Sfl #7l ^(220)2}- °] 
3€ eMM(118a)7> ^#^4. #7l ^#(112) ^H^l 

^■f, A oM 2j-°lM(118a)fe #71 ##(112) A>ol cg^o) ^^ofl ait^Tll 

€ ^ 5U-<H4, #3°1 ^ ^ o., £A)^ ^ go] ^1-71 ##(112) A>o] 

^H^J f^f 7>^lcf. #7l 5geK220)^ ^S*fl #7l eMu)(H8aH ^ # 

71 ^(220)3. -t*b] o)z*Q ^x}&^(120a)°) ^e)-(220)^ #^ 

^Hlfe A o V 7l Aj.^nV(216)alf o^s; 711 o]B ^<£^(122)°1 #7l ^e}- 

(220)3) #Jf , ^^*1 i^V^ #7l ##(112)^ #if# 7>5.^ei TflolH #^-(124H nfl 

S^l^m Q ] H^l^Bl^ #7} 711 olH ^^"(124) ^^1 ^e)- 

(220), ^ #7l 711 olH ^^"(124) ^^1 ##(112) ^ ^#<gc*(212) vflofl ^ 
^ ^ -ELeflo] <^^u4, #71 TflolH ^^-(124) *>^5l ^(220) «§#€ 

#71 ##(112)31 #Y £Al2lb ^1 £ ^12 ^AHisq- 4^}7HS ^#711 ^^j^ 
t &i=K SEth iAl^l^ #7l ##(112)£: <5pfiiL ZL ^o) 

^7Hr}7lM- ( #^£- ^^Ml -fM^uI, *HW£ ^^l^AS ^7}is}±r fit 
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oo> #71 ^&K220)^ -^-r-^ ^HISJ- v}^3. ^^M: 3 £t 

% v ^ &i=h *ll3 ^*HH nf-E B^l^El^ ^#^^r #71 afll ^ *fl2 ^ zl 

<9i> #^ ^-ol, £ *|l£L ^jEafl 71^-g; ^z^H ^-1: $^*Mi, 

#Jf^ #^f^ ^ H^^l^E^ ^ S ol-g-f-CLS.*) SOI 71^- 

°fl ^^fll H«S*1^EH Hi SB ^^£#o] ^-^}JL, #5.^ U\t) JL^S] ^ 

* ^ ^ $m & O]^^ ^-#^o] ^5L)^ 

^l^M ^l^^V 7l^ ^«.§.611 7l^ H 31*1 ^7} sV-g- 

*r $44. c-1 M-01-7M, ^3 ^1^1 ^11- Al~g-#_o S *) SOI 71^-g; A>-g-^^ ^-f Jitf 

^7V# ^# ^ 7l^ ^d-^^ 21*!- ^# ^ ^cf. 

<92> SEtb, «fl*l*|-jl, A>o]6|| 7l^J H^liEl7> ^^5)^1 & 
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l^T 1 * 1] 

«KE*)1 7l^o] ^0.3. ^(fin); 
#7l ^ ^^ofl 2$t$ s}olui; 

#7l ^ *Hf^ ^ #7l ^Sj-SV 2}-o)M Aj-Ojofl 7 fl 7 l]^ ^ #s^; 

#7l ^^-3)- ^^£]<H #7l #Jf ^ttfofl tg^s) Tll^lH 

#71 ^2K> ^mofl o]sfl # 7 ] ^ ojz^^ t§#5j ^ -gre]^;^ 

#71 #JjL^ 7>S^^ Wfl*m 7flo)E £ ^Hr E^l^, 

[^T 1 * 2] 

*fll *<M1 $1*1*1, 

A oM #^- 2.A-1^^ ^^711 ^#*1 ^ ^HJiL5L ^ H^l^. 

3] 

*U iHl S5l<H^, 

#71 ^S] #Jfofl^ *)-Jf JL Z> ^ O.S ^<H^ ^ ^ilS ^ 

B^^l^B] . 

[^T 1 * 4] 
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#7] TIMS ^71 ^Sj ^« ^S]ZL, ^-7] 

a>^o] t§^£ ^-71 #<SJ ^ *HfS ^ ^ ^^1^ 6.5. ^<H*1tt 3* 

[^T 1 ^ 5] 

^7} ^ ^ ^f^l ^i^>7fl ^-1: ^r^°-sL S}^ 

[^T 1 * 6] 

^11 ^Hl S^i, 

[^T 1 * 7] 

8] 

*fli iM) 5U<>H, 
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#7l 71MB #7l n>^H ^<^HVo] 7 >^1=^ 3* ^ 

#7l 7flo]B 3^ <£#2] a>71 3fl vflofl ^€ ^^/^eflo] <^^§;^ 
[^*o V 10] 

#71 ^5}S] Sj-JjL^ 6|| ^^=1 ^^-^ e)-om; 

#71 ^Jf^* ^ #71 ^S}-^ Sfom A>oHl 711^^ ^ A>5}-^-; 

#7l ^^-4 <£^S\°] #7l AV«. ^ttfofl ^OIE 

#71 ^E} $)&°) #71 ^3^- ^oluiofl o^gfl ^. 7 1 ^ej.^ ol^^ 

#7] ^-i-21 #^-# 71-s^el «fl^m TflolH *I^M: 5E^-*Hr Bqfl^l^Ei. 
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afllO *cMl 5U°H, 
12] 

*fll0 5a<^i, 
13] 

*U0 *oH] 9X°]*], 

-#7] 7flo]B ^^l ^71 Jfl^ °^*}7)) -R-^SlJl, -^7] ^ 3J) 

aV^o] ^ <5Hf ^ *H?"3. £ ^ ^^iLiEL ^<H*l*r ^ ^lo 

[3^8" 14] 

*HlO %H1 &<>H, 

^7) ^4 ^ ^ ^^1 €-i^>7ll ^HJj°3. f>}±; B^H^l 

15] 

^ilio *<H 5U<>H, 
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16] 

XI 15 %H1 

[^T 1 * 17] 

xl io 

l^tt 18] 

X]10 %H1 91°]^, 
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